U S. Ser. No. 09/143,503 
U.S. Control No. 90/004,946 



Exhibit 4 



mnm of advahced cardiovascular SYsms, inc. 
I® 



Advanced Cardiovascular Systems, Inc. 

3200 Lakeside Drive 
P.O. Box 58167 

Santa Clara, CA 95052^81 67 - 
UCL rr-u. \yO O. C <?'- ^ 

M^T? 



HAKE . 
DEPT, 

LAB. NOTEBOOK HO 



ISSUE DATE . 
RETURH DATE 



RETURH TO DOCUMENT CONTROL FOR ARCHIVING. 



.-X .- 



I 



f 1 I 

TITUE: 

OBJECTIVE: 



MATERIALS: 

DascrlDtion 

PEEK 

PEEK 

PEEK 

PEEK 

PEEK 

PEEK 



4 



PEEK Post Process Evaluation x 

To detGimine the post extrusion process conditions for different 
extrusion runs. Five of the extrusions were completed at ACS and 
one extrusion at Accutech. 



Part Number 

EXTRJ 10-552-1 
EXTR.# 10-554-1 
EXTR.# 10-553-1 
EXTR,# 10-543 
EXTR.# 581 
AP0001842 



Source 

in-house 
in-house 
in-house 
in-house 
in-house 
outside vendor 



Conditions/ Comments 

Water bath was 8 degrees (c) 
Was air cooled extrusion 
Water bath was 70 degrees (c) 



Runs nufrtier 543 and 581 have similar •xtrusion run conditions. 
PROCEDURES: 

Necking: Place a ,03r Teflon mandrel inside the PEEK and with a hot box set at 

475 degrees (f) try to neck the material- Necking is done at the end of the 
Teflon mandrel while tension is applies where there is no mandrel. 

Expanding: Use a .042" ID TFE sheath and hot box set at 500 (f) with 110 psi and 
expand. 



Part Number 

EXTR.# 10-552-1 
EXTR.# 10-543 
EXTR.# 10-554-1 
EXTR.# 10-553-1 
EXTR.# 581 
AP0001842 
* Se« dimensions b«iow 

Comments: 
EXTR.# 10-552-1 
EXTR.# 10-543 
EXTa# 10-554-1 
EXTR J 581 
EXTRJ 10-553-1 
AP0001842 



Rating Matrix 

Expanding 

N/A 

Good 

Good 

Good 

Good 

Good 



N/A 

Good 

Good 

Good 

Good 

*0K 



Surface 

Terrible 

Bumps 

Good 

Terrible 

Bumps 

Very Good 



Expanding 

Material was not tested because of the terrible surface finish. 

Easily T)erformed and controllable. 

Easily performed and controllable. 

Easily performed and controllable. 

Easily perfonned and controllable. 

Easily performed and controllable. 



Distribution: B. Ainsworth, 0. Cox, E Leopold. S. Schaibia, J. Lee, E. Williams. R.Ch«r7 



Necking: 

EXTR.# 10-552-1 
EXTR.# 10-543 
EXTR.# 10-554-1 
EXTR.# 581 
EXTR.# 10-553-1 
AP0001S42 



Eas y performed and controllable. At 475 (f) the OD was 033" 
Easily performed and controllable. ' " was.033 
Easily performed and controllable. 
Easily performed and controllable. 
Easily performed and controllable, 
was .036" 



At 475 (0 the OD was.033'* 
At 475 (f) the OD was.033" 
At 475 (f) the OD wa$.033" 
At 475 (f) the OD 



CONCLUSION: 

- W^fe^r^sSf.\iT^^'' • ^" °' "'^^^''^''^ «ble to be tested. 

The in-houss extrusion process needs to improve the outer surface finish 

- The Accutech surface finish. I would consider clinically acceSte 



RECOMMENDATION: 



LOW 5/25/94 



Alternative Extrusion Grade Resins For PI 

6/94 
L, Wasicek 



IK 



bjective: 

'o determine if there is a commercially available extrl 
■esin which would give us a better performing proximal 
-he Victrex PEEK material (grade 3 81G) . 



>ion grade 
laft than 



Jackground/History : 

:n January of 1994, there was a brain storming meeting regarding 
Iternative technologies to the Elastinite IM, Elastinite was 
estimated at $25-35 per tube/catheter. At this point in time, 
:here was a heavy concern with the high cost of Elastinite and 
:hat it would not be a viable design option. Also, the thoughts 
/ere the market would be very cost sensitive in 1995-1996 and 
:atheter prices would be around $400 /catheter . We already 
started investigating PEEK as a proximal stiff shaft as a 
]lastinite IM replacement. The idea came up to investigate 
)ther advanced polymers such as engineering resins as shaft 
laterials and determine the best one. 

lesearch Procedures: 

Held brain storming meeting regarding Elastinite 
replacement. See memo dated 1/14/94, 

Research high modulus extrusion grade polymers. Reference 
article in Modern Plastics (Nov. 1993) titled, 
Advanced Thermoplastics Electronics Markets Hum Along While 
Militairy and Aerospace Falter ^ 
Call vendors and obtain material property data information. 
Compile spreadsheet with material property data, (see 
attached) 

Held meeting and selected resins to investigate (see memo 
dated 3/2/94) . 

Selection Criteria : 
Very high modulus 
Low moisture absorption < 1,6% 
Elongation > 50% 
Order resins , 
Extrude resins. 
Evaluate and test materials 



3istributiQt 

T. Lee 
D , Cox 

3 . Ainsworth 
Z, Leopold 




:c ; 



Becker 




Materials : 

High Temperature Eng ^' neering Roc-in'c. 

Polyetheretherketone (PEEK) ~ 

Polyethersulfone (PES) 
Polyphenylenesulfide (PPS) 
Polyaryletherketone (PAEK) 

£v!!r ^^^^"^ Includerl T n The An^ly ,-,-.. 

Pebax 7233 
Nylon 12 
Isoplast 
*Hytrel 
PET 



Extrusion i<mi Humborsj 

Acutech (outs^ide vendor) 
#10-576-1 
#10-556 
N/A 



12-142 
11-223 
11-221 

10- 531-1 
N/A 

11- 219-1 



•N0.e: „y„eX e«^d,d bu. te^tin. „as ,to.pe<i due to vendor ....en.an. ,ro..^. 



This is the slope using angles 



Tests: 

Tinius Olson Slope 

" ln"irL°^=JSoJ^f i. . Ttlltr^^'i^ 

completed at A^s'^t'rSonSeritSe."'^""^'''- 



Acceptance CirifiAirim* 

flgMjo^j^=Cathet.r having the highest nu^^er is 
maiu^Kij*:Catheter having the highest nv™ber is considered the 
Circle Kink : Reference information onlv 

^Sr/st'r.'^^^^^^^^^^ f thstand a .ini.^ of 

Elongation: Thil mJterLl ^JoSlJL ' ^^^^'^ performance. 

" messing opera tiSSs 'pJi SoS^^^t^bi^a sSoJldT"'^'^^- ^^'^^ 
el-togation of at least 50% H ^^^e a minimuin 

pro^Lsing conditions from* nrioi /^^"" ^^^^^ °^ '^^^ P^^t 
Accutl^i iEEK eitiSsionJ ^ «^eriments using in-houSe and 





inclusion: 

Material Summary - Compared to PEEK: 

SEK: 

This material has the highest modulus {408-428kpsi) , 
strength (15.3-16.2 kpsi) , Tinius Olson slope (4,28) 
angle (79 degrees) . It also has a rupture 
pressure over SOOpsi with an elongation of 56-69%, In 
my opinion this is the best material of all the 
materials tested. 

Compared to PEEK this material does not have as high a 
modulus (408-428 kpsi vs 323kpsi) , Tinus Olson slope is 
2,21 compared to PEEK at 4.27 and the T/0 kink 
angle is 45 degrees compared to PEEK'S 79 degrees. This 
material has adequate rupture pressure at SOOpsi, 
plenty of elongation at 150%, It has a strength value of 
15,200 psi compared to PEEK 15,300 - 16,200 psi, 

PS: 

Compared to PEEK this material does not have as high a 
modulus ( 408-42 Skpsi vs 297 kpsi ) . Tinus Olson slope is 
2.63 compared to PEEK at 4.27 and the T/0 kink angle is 44 
degrees compared to PEEK'S 79 degrees. Rupture pressure is 
OK at 411 psi. Elongation at 335% is acceptable. It has a 
strength value of 10,700 psi compared to PEEK 15,300- 
16,200 psi. 

ebax : 

This material has a poor Tinius Olson slope of *71 and 
a T/0 kink angle of 17 degrees. The modulus was 
approximately 1/4 that of PEEK at 104 kpsi. Rupture 
pressure was adequate at 411 psi along with an elongation o 
285%, It's strength compared to PEEK is 10,900 psi vs 
15,300-16,200 

soplast: 

Compared to PEEK this material does not have as high a • ^ 
modulus (408-428 kpsi vs 314 kpsi) . Tinus Olson 
slope is 3.01 compared to PEEK at 4.27 and the T/0 
kink angle is 59 degrees compared to PEEK'S 79 degrees. 
Rupture pressure is OK at 387 psi. Elongation at 130% 
is acceptable. It has a strength value of 13,900 psi 
^ compared to PEEK 15,300 - 16,200 psi. 



PET: Compared to PEEK this material does not have as high a 
modulus (408-428 kpsi vs 311 kpsi) . Tinus Olson 
slope is 1.7 6 compared to PEEK at 4,27 and the T/0 
kink angle is 31 degrees compared to PEEK'S 79 degrees. 
Rupture pressure is at 500+ psi. Elongation at 698% is 
acceptable. It has a strength value of 13,600 psi 
compared to PEEK 15,300 - 16,200 psi. 

Nylon 12: 

This material had a average rupture of 291 psi which is 
unacceptable. See spreadsheets for additional 
information 

EVAL : 

This materials has an unacceptable rupture pressure. When 
material came in contact with water at 37c it became very 
supple ( noodle-like)* Because of these results this 
material is found to be unacceptable. See spreadsheets for 
additional information 

PAEK: 

There were 3-4 attempts to extrude tubing and 
because of difficulties no tubing was obtained. 



Hecommendatlon : 

Continue PEEK development efforts for the Next Generation 
.014" 0*T"W. Continue in-house development efforts along 
with procuring material from Accutech. All materials 
tested do not have the performance that is comparable to 
PEEK, With regard to PEEK improvements, the only 
improvement that I can foresee would be to increase the 
elongation prqperties to improve post processing conditions. 
Optimizing the PEEK extrusion will start in June 1994 with 
Steve Schaible completing a DOE for extrusion conditions, 

PAEK should be investigated at a later time. 

Miscellaneous : 

Material information for rupture data can be located in Eric 
William's lab notebook. 

information regarding the mechanical properties see Ted 
r in the Materials Department. 



1 information can be found in Larry Wasicek's lab 



Test Results 







Test Results - Data Sheet 






Test Method 




Tlhius Olson 


Tiniua Olson 


Ktnk AngI* Radtua 


Rupture Pressure 


Kink&Pull 






Sk>p« 


Kink Angle 








UniU 






Degrees 


Inches 


pa 


Comments 


Advanced Resin: 












Po|y«theretherketon« (PEEK) 


4.27 


79 


9/16" 


500+ 


GD 


Potyetheraulfone (PES) 


2.21 


45 


1/2" 


500+ 


- GD 


Po(yphyenytenesulfid« (PP5) 


2.63 


44 


7/8' 


411 


GD 


Polyarylethertcftton 


» (PAEK) 


N/A 


N/A 


N/A 


N/A 


N/A 


EVAL 




N/A 


N/A 


5/8" 


123 


OK 


Pebax 




0.71 


17 


7/16' 


411 


GO 


Isoplast 




3.01 


59 


15/32' 


387 


Separates easily 


Nylon 12 




1.04 


24 


1/2" 


291 


GD 


PET 




1.76 


30 


3/4* 


500+ 


GD 






























Sample Size 




3 


3 


2 


5 


2 































Description PES 

Lot # 

Operator and date 

Enter in moment weight 
Enter in intierent weiglit 
Enter in span 



UVRRY WASICEK 5/19/94 



0.045 



0.005 



0.5 



Note: 

iniierent weight is .1 for 6' machine 
Inherent weight Is .005 for 1 " machine 



Degrees 



Kink angle 



12 



15 



Slope (3,6,9) ref. 
Slope (0,3,6,9) 



E(4PT) 



#1 



12 



21 



27 



32 




44 



2.3333 



Raw Bending Data 
samples 



#2 



14 



21 



27 



32 



45 



2.3333 



#3 



1 



14 



21 



27 



32 



45 



2.1667 2.2333 2.2333 #VALUE! 



.0310 


.0310 


.0310 






.0375 


.0375 


.0375 







#4 



2.3333 #VALUE! 



199900 206100 2061 00 #VALUE! #VALUE! 




#VALUEI 



#VALUE! 



204000 




Description 
Lot # 

Operator and date 

Enter in moment weight 
Enter in inherent weight 
Enter in span 



rtox 



ACUTEK 



LARRY WASICEK 5/19/94 



0.045 



0.005 



0.5 



Raw Bending Data 




Note: 

Inherent weight is .1 for 6" machine 
inherent weight is .005 for 1" macm 



degrees 





#1 


#2 


#3 


#4 


#5 




Avg. 


Std.Dev. 


0 


1 


1 


1 






0 


1.0 


0.0 


3 


14 


14 


14 






3 


14.0 


0.0 


6 


27 


27 


24 






6 


26.0 


1.7 


9 


40 


40 


39 






9 


39.7 


0.6 


12 


50 


50 


50 






12 


50.0 


0.0 


15 


60 


60 


60 






15 


60.0 


0.0 



Kinl< angle 

Slope (3,6,9) ref. 

Slope (03^,9) 



81 



80 



76 



Inner diameter 
ter djameter 




4.3333 


4.3333 


4.1667 


#VALUE!|#VALUEI 


4.3333 


4.3333 


4.1333 


#VALUE!|#VALUEi 








.0325 


.0325 


.0325 




.0400 


.0400 


.0400 






E (4PT) 



291800 291800 278400 #VALUE! #VALUE! 



287300 
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Date: 
To; 
Prom: 
Subject; 



MemoranrfiirYi 

January 14, 1994 
Distribution ^ \ 
Larry Wasicek | 

Minutes from the next generation 014" OTw hr^ir, ^* 
meeting 0/13/94. ^^^^'^^'^^ -^^^ OTW brain storming 



The following kieas/discu^ions were denved from the brain storming .es^on: 
' "^-^f^ no other hypotube materials that perform like Etastb^^^^ 
* Continue investigating PEEK as a IM & OM (coaxial desioni R^h 
A.nswo«h to contact vendor about round du^n P^E^" .^^^ns. 

■ rn house extrusions: round dual lumen made with PETG. PET. Hyt^. and Nytor. 

- Larry to investigatedpatents that use Nylon for shafts and IMs. 

■ ll^titltr^^^^^^ Extru^onre^ue^ 

- Elliptical reinforced inflation/deflation Process- hr,w-rf-- ■ ■ 

guide wire lumen, with a heat shrink pck a '""^'""'Irflation. »ngl, lumen 

J. L«,<.-,cu=.ed.heposs*i.ie3of extruding reinro,cin.„«^™,,„,h^ 
Over braKl on an elliptical or round dual lumen shaft. 



• Graphite IIW not a suitable candidate. 
Any questions, concems, or ideas please let me know. 
Thank you. 



J. Chiu *j. Lee 

*p.Cox 'B.Ainsworth 

fe. Peterson *J, Becker 
•R. Cherry Leopold 

'S. Levin z Chen 

*D«nolf» flttand** 
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Memorandum 

Date: March 2, 1994 
To: Distribution 
From: Larry Wasicek 

Subject: Minutes from the advanced thermoplastics meeting 3/1/94 






The purpose of this meeting was to discuss and select advanced thermoplastics that 
Zft candidates/options to Elastinite hypotube technology that is being considered 
for the next generation OTW/RX platform catheters. ^-onsraerea 

- Elastinite is still a viable design option, but the are deep concerns regarding 
material & processing costs. yaminy 

- The ACX V catheter shaft requirement/specifications dated 3/8/93 was distributed 

^ specification with any changes and" 
give them to Dan by Friday (3/4/94). Dan to provide new specification 

- Reviewed material property data matrix. ^ i-. / ^ 
Selected r^^jns to Iny^ffth?!*?- y^lis^T/.'^^/i^^^^r^^*-^ 
PEEK tubing to arrive this week, (outside vendor) 

PEEK resin is available for in house extmsion. — Extrude 3/7-11 nor D Hock 
Po yethersulfone (PES) Radel - R5000. Larry to oSer lofb 3/11/?4 

Polya^ietherketone (PAEK) Ultrapek A-3000. Lar^S oSe Sib 3 m— ^ 
Polyphyenylenesulfide(PPS). Larry to order 101b 3/11/94- ^^^^^^ 

- Po^ethe^ (PEI) Ultem lOOO.-.^vS^^-^'TBoBT^entify outside vendor. 
v5:^-W-9tess^ resin. Urry. Bob and Jeong to identify resin this week and order/r/W^N 
^- Larry to investigate the tape wrapping process and vendors \ L / 

- Resins properties can be modified with graphite easier than addinbsplasticizers 

- Areas of concern: biocompatibility, sterilization \ 

- NgXt meeting 3/16/94. t noics Iniiln^g; \ . 
■ Time line - Larry '■^^ ^ 

- Present shaft design specification - Dan X^V 

- Tape wrapping process - Larry 5^ 

- Outside extrusion sen/ices - Bob/Jeong 

If you have any questions, concerns, or ideas that you would like discussed at the next 
meeting please let me know so I can add them to the agenda „ r~ ^ 



Thank you. 

Distribution: 

* J. Lee* 
B. Ainsworth 
J. Becker 



M. Buchin 
R. Cherry 
*G.Schneiderman 



*D. Cox 
•Z. Chen 
B.Saltman 





*E. Leopold -dd^^^ 
'Denotes they attended 



